Abstract. In ecosystems where environments are extreme, such as deserts, adult plant species may facilitate the establishment and growth of seedlings and juveniles. Because high temperatures and evaporative demand characterize tall-grass prairies of the central United States (relative to forests), we predicted that the grassland-forest ecotone, by minimizing temperature extremes and moderating water stress, may function to facilitate the expansion of Quercus species into undisturbed tall-grass prairie. We assessed the carbon and water relations of juvenile Quercus macrocarpa and Q. muhlenbergii, the dominant tree species in gallery forests of northeast Kansas, in ecotone and prairie sites. To evaluate the potentially competitive effects of neighboring herbaceous biomass on these oaks, juveniles (< 0.5 m tall) of both species also were subjected to either: (1) removal of surrounding above-ground herbaceous biomass, or (2) control (prairie community intact) treatments. Herbaceous biomass removal had no significant effect on gas exchange or water relations in these oak species in either the prairie or the ecotone environment. Although the ecotone did alleviate some environmental extremes, photosynthetic rates and stomatal conductance were ca. 20 % higher (p < 0.05) in both oaks in prairie sites vs. the ecotone. Moreover, although leaf temperatures on average were higher in oaks in the prairie, high leaf temperatures in the ecotone had a greater negative effect on photosynthesis. These data suggest that the grassland-forest ecotone did not facilitate the growth of Quercus juveniles expanding into this grassland. Moreover, the carbon and water relations of juvenile oaks in the prairie appeared to be unaffected by the presence of the dominant C 4 grasses. 
Introduction
Tall-grass prairie ecosystems are characterized by frequent fire, a variable climate prone to drought, and grazing . Two of these, fire and climate, are known to reduce woody plant growth and increase tree mortality in these grasslands (Weaver 1954; Bragg & Hulbert 1979) . The high probability of drought and climatic extremes may also restrict those tree species normally more abundant further east in the United States, to gallery forests where deep soils adjacent to intermittent streams may provide a more reliable source of moisture. However, where fire has been excluded, these tree species have expanded significantly into tallgrass prairie (Bragg & Hulbert 1979; Abrams 1990; Knight et al. 1994; Hoch 2000) .
Positive plant interactions, notably facilitation, are predicted to be more frequent when abiotic stress is high (Bertness & Callaway 1994; Callaway 1995) , and numerous studies have supported this hypothesis (Callaway 1995; Callaway & Walker 1997; Booker & Callaghan 1998; Kikvidze & Nakhutsrishvili 1998; Rousset & Lepart 1999) . Physical stressors, such as high light, high temperatures (e.g. soil, air, leaf), and low levels of soil resources (e.g. moisture, nutrients) are often ameliorated in the presence of other plants, which then may facilitate the establishment and development of seedlings (Callaway 1995) . Tall-grass prairie is characterized by high light, temperatures, evaporative demand (Borchert 1950; Weaver 1954; Hayden 1998 ) and variability in soil moisture Briggs & Knapp 1995) , which often limits carbon gain and water relations in tall-grass prairie plants (Knapp 1984; Knapp et al. 2001) . Although the oak species Quercus macrocarpa and Q. muhlenbergii found in gallery forests may be better adapted to the climatic extremes characteristic of this biome than other eastern deciduous tree species, they still must cope with substantial abiotic stress (Hamerlynck & Knapp 1994 . Therefore, factors that minimize
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Danner, Brett T. 1* & Knapp, Alan K. 2 environmental extremes in tall-grass prairie, such as the moderating effect of shade cast by mature trees along the prairie forest ecotone, could facilitate the success of these tree species (Weltzin & McPherson 1999) , and accelerate forest expansion. Grasses can have several negative effects on tree seedlings and juveniles in grasslands, including competition for below-ground resources (i.e. moisture and nutrients; Gordon et al. 1989; McPherson 1993; Bush & Van Auken 1995; Davis et al. 1998; Gordon & Rice 2000) , and above-ground competition for light (Bush & Van Auken 1995; Scholes & Archer 1997; Davis et al. 1999) . However, rapid and deep root growth by tree species may allow them to avoid below-ground competition with the relatively shallow-rooted grasses (Walter 1979; Bragg et al. 1993; McPherson 1993; Scholes & Archer 1997; Danner & Knapp 2001) , leaving the tree species to compete with grasses above-ground for light. Indeed, competition for light in tall-grass prairie can be intense within plant canopies (Knapp 1984; Turner & Knapp 1996) and removal of herbaceous biomass surrounding juveniles may increase carbon gain in some oaks (Bush & Van Auken 1990) .
To assess the roles that competition and facilitation may play as oaks expand into tall-grass prairie, we conducted a field experiment with established Quercus juveniles in both ecotone and undisturbed prairie sites, a subset of which were subjected to an above-ground herbaceous biomass removal treatment. We predicted that: (1) carbon and water uptake of oak juveniles would be greater (as evidenced by higher gas exchange rates and lower water stress) along the prairie-forest ecotone compared to tall-grass prairie, consistent with intraspecific facilitation from the shade of the mature trees (Weltzin & McPherson 1999) , and (2) removal of herbaceous biomass would be more important in prairie (i.e. higher gas exchange rates), since grass and other herbaceous production is typically reduced along the forest edge.
Material and Methods
Research was conducted at the Konza Prairie Biological Station in northeast Kansas (39∞ 05' N, 96∞ 35' W) . Konza Prairie Biological Station (KPBS) is a native, tall-grass prairie preserve dominated by warmseason, C 4 grasses. Mean precipitation at KPBS is 835 mm, with 75 % occurring during the growing season (April-September) (Hayden 1998) . Gallery forests occupy ca. 7 % of the land area on KPBS, and are primarily restricted to lowland areas adjacent to streambeds. These forests represent the western extent of the eastern deciduous forests, have lower tree species richness compared to forests located to the east, and are dominated by two oak species (Quercus macrocarpa and Q. muhlenbergii (Abrams 1986; Freeman 1998) . The ecotone between the gallery forests and tall-grass prairie is often distinct (Fig. 1) , and represents a transition zone between the two vegetative life forms (Weaver 1954) .
Study sites were located along a north-facing ecotone of the gallery forest in a historically frequently burned watershed, which had not been burned for one year prior to the initiation of this experiment. The transition from tall-grass prairie to deciduous forest was abrupt, with areas dominated by tall-grass prairie species immediately adjacent to the gallery forest (Fig. 1) . The ecotone was defined as the area of tall-grass prairie directly affected by shade cast by mature trees at the edge of the forest (ca. 5 m). The ecotone was devoid of mature trees and had a density of Quercus juveniles of ca. 0.4 individuals/m 2 . The ecotone had ca. 33 % C 4 grass cover, compared to the > 75 % C 4 grass cover in the prairie (measured in June 1999, prior to flowering stalk emergence of the C 4 grasses). Standing crop biomass (live + dead herbaceous biomass) along the ecotone and in tall-grass prairie was 259 ± 58 g/m 2 and 625 ± 60 g/ m 2 (mean ± 1 SE), respectively. The adjacent gallery forest community was dominated by Q. macrocarpa, Celtis occidentalis, Cercis canadensis, and Q. muhlenbergii, based on importance values from point-quarter sampling. Tree density of the adjacent forest was 475.1 trees/ha, with an estimated basal area of 32.1 m 2 /ha. Soils sampled in early June, the time of peak inorganic N in unburned tall-grass prairie , were similar for the prairie and ecotone in total inorganic N (NO 3 -N + NH 4 -N), but the ecotone site had slightly greater amounts of NO 3 -N compared to the prairie site. Growing season precipitation during 1999 was ca. 20 % greater compared to the long-term average for KPBS (625 mm; Hayden 1998).
Experimental design
Juveniles, defined as distinct individuals of unknown age but less than 0.5 m tall, of both Q. macrocarpa and Q. muhlenbergii (40 of each) were identified, with 20 in both tall-grass prairie and along the prairie-forest ecotone for each species. 10 juveniles of each species in both habitats (prairie and ecotone) were then randomly assigned to control and above-ground biomass removal treatments (i.e. grass removal treatment). Above-ground grass and non-graminoid herbaceous biomass was removed by harvesting all plants in a 1.2 m diameter circle around the juvenile. This treatment was initiated in late May, and was repeated every two weeks for the remainder of the growing season.
Mid-day (1100 -1430 CDT) leaf-level gas exchange was measured weekly from June to October using a LiCor 6200 Portable Photosynthesis System (LiCor, Lincoln, Nebraska, USA) on all 10 juveniles for each species within a site and treatment. Only gas exchange data above saturating light levels, based on results from light response curves (photon flux density; PFD > 650 mmol m -2 s -1 ; see description below) were used in this analysis. Measurements of absolute light availability (PFD) were made weekly at mid-day (1100 -1430 CDT) from June to August with a 0.5 m ceptometer (Decagon Devices Inc., Pullman, Washington, USA) at the top of the canopy on a subset of juveniles of both species in each site.
Predawn (500 -700 CDT) and mid-day (1100-1430 CDT) leaf water potentials (Y predawn and Y mid-day ) were measured every two weeks throughout the growing season for both species with a pressure chamber (PMS Instrument Co., Corvallis, Oregon, USA) in five individuals within each site and treatment. Leaf water potential also was measured in nearby individuals of Andropogon gerardii, the dominant C 4 grass in the prairie and the ecotone. Although the oak juveniles in this study were of unknown age, they were clearly not seedlings, and had likely resprouted after previous fires. We assumed that their taproots extended below 1.0 m (Bragg et al. 1993) , and since the majority of the root system of A. gerardii occurs within the upper 1.0 m of the soil (Weaver 1968; Rice et al. 1998) , differences in Y predawn between the oak juveniles and A. gerardii were interpreted as evidence that they had access to different soil resources.
Photosynthetic responses to PFD
Responses in photosynthesis to light were measured with a Li-Cor 6400 Photosynthesis System (LiCor, Lincoln, Nebraska, USA) equipped with a red-blue LED light source in July from ca. 1000 -1600 CDT. Leaf temperature and chamber humidity were set to a constant value (typical values: T leaf 35 ∞C; RH 51%) for each leaf after the leaf had acclimatized to the chamber conditions at 1500 mmol m -2 s -1 PFD (ca. 10 min.). Photosynthetic light response curves were fit to an exponential equation (Horton & Neufeld 1998; SigmaPlot v5.0, 1999; SPSS, Inc.) :
where R d is the dark respiration rate, A sat is photosynthesis at light saturation, and Q is the initial slope of the curve (apparent quantum use efficiency). PFD ranged from 0 to 2000 mmol m -2 s -1 and A is the observed photosynthetic rate. The light saturation point was calculated as the PFD at 90 % of the light saturated rate of A. Coefficient of determination (r 2 ) values for each curve ranged between 0.96 and 0.99. Since there was no grass removal treatment effect on the light response curves, values were pooled by species and site.
Statistical analysis
All statistical analyses were completed using SAS/ STAT v. 8.1 software. Analysis of variance was used to compare species, site, and treatment effects, with site and treatment effects nested within species for analysis of gas exchange and water potential data (PROC MIXED; Anon. 2000) . Andropogon gerardii was excluded from mid-day and predawn leaf water potential analyses when examining site and treatment effects. A simple linear regression was used to compare apparent quantum use efficiencies from light response curves using the first five PFD values > 0 mmol m -2 s -1 . An analysis of variance, with site effects nested within species was used to compare light response curve parameters (PROC MIXED; Anon. 2000) . LSMEANS was used to compare site and treatment effects in gas exchange, water relations, and light response curve parameters due to differences in sample size (PROC MIXED; Anon. 2000; Littell et al. 1996) . All values presented are means ± 1 standard error. Fig. 1 . Aerial photo of gallery forests dominated by Quercus macrocarpa and Q. muhlenbergii in N.E. Kansas. These forests are most common adjacent to intermittent streams that dissect the tall-grass prairie on Konza Prairie Biological Station.
Fig. 2. A. Frequency distribution of PFD (photon flux density)
values in tall-grass prairie and prairie-forest ecotone sites. The prairie light regime was dominated by high PFD levels, and there was a significant effect of grass removal on PFD at the oak juvenile canopy level (p < 0.05). PFD distribution along the ecotone was dominated by low light levels, however, there were frequent periods of PFD > 1000 mmol m -2 s -1 . There was no effect of grass removal on PFD along the ecotone (p > 0.05). Values in legends represent means 1 ± SE for each treatment within an environment. B. Diurnal distribution of PFD in prairie and ecotone environments measured on a cloudfree day in late June. Values presented are means ± 1 SE.
Results

Light environment
As expected, mean mid-day PFD values were significantly greater for oaks in the prairie than in the partial shade of the ecotone (p < 0.05). The grass removal treatment increased PFD by 16% compared to the control treatment in the prairie, but not at the ecotone (site ¥ treatment interaction; p < 0.05). Moreover, the distribution of PFD levels in tall-grass prairie differed substantially from that at the prairie-forest ecotone. In the prairie, high PFD levels were common, with few periods of low light. However, PFD along the prairie-forest ecotone was bimodally distributed, with a majority of the observations less than 400 mmol m -2 s -1 , and ca. 40 % of the observations greater than 1000 mmol m -2 s -1 (Fig. 2) .
The difference between prairie and ecotone light environments was also apparent in diurnal light patterns (Fig. 2) . PFD in prairie reached levels > 1000 mmol m -2 s -1 ca. one hour earlier in the day compared to the ecotone, and remained at this level ca. two hours later in the day. Substantial mid-day variability in PFD along the ecotone was evident by the large standard errors associated with mean PFD values.
Photosynthetic responses to light
Photosynthetic light response curves did not differ between sites or species (Fig. 3) . However, there were significant differences in the parameters derived from the light response curves. For example, apparent quantum use efficiency (QUE) in Q. macrocarpa was lower in the ecotone than in the prairie, and light saturation points in Q. muhlenbergii were lower along the ecotone compared to the prairie (p < 0.05). Q. macrocarpa also had lower light compensation points and dark respiration compared to Q. muhlenbergii. Further, the light saturated rate of photosynthesis for oaks in the prairie was 18 % greater than in oaks at the ecotone (Table 1) .
Rates of gas exchange in both species were affected more by site (ecotone vs. prairie) than by the grass removal treatment. Net photosynthetic rates (A net ) in Q. macrocarpa and Q. muhlenbergii were 16 % and 26 % lower, respectively, in ecotone compared to prairie sites. Only in Q. muhlenbergii was there a significant (p = 0.003) increase (ca. 14%) in net photosynthesis in the prairie when grass biomass was removed (Fig. 4) .
Net photosynthetic rates for both oak species were significantly (p < 0.05) lower when leaf temperatures were > 30 ∞C. In Q. macrocarpa, net photosynthesis was not significantly different (p = 0.24) between prairie and ecotone when leaf temperatures were below 30 ∞C. However, when leaf temperatures were above 30∞C, net photosynthesis was reduced by ca. 19% at the ecotone. In contrast, A net in Q. muhlenbergii was lower at the ecotone than in the prairie at both leaf temperatures (Fig. 5) .
Seasonal patterns of photosynthesis were consistent with this strong negative effect of high temperature on Fig. 3 . The response of net photosynthesis (A net ) to PFD at midseason (July-August) for Q. macrocarpa and Q. muhlenbergii in both tall-grass prairie and the prairie-forest ecotone sites. Values at each PFD level represent means ± 1 SE. Significant differences in light response curve parameters are shown in Table 1 . Inset; Linear portions of light response curves used for determining apparent quantum use efficiency, dark respiration, and the light compensation point (see Table 1 ). Table 1 . Light response curve parameters for juvenile Q. macrocarpa and Q. muhlenbergii in prairie and along the prairie-forest ecotone. QUE = apparent quantum use efficiency; RDR = dark respiration rate (mmol m -2 s -1 ); LCP = light compensation point (mmol m -2 s -1 ); LSP = light saturation point (mmol m -2 s -1 ); LSR = light saturation rate (mmol m -2 s -1 ). Values for each species within the same column with different letters are significantly different at p < 0.05, and represent means ± (1 SE). Values within the same species with different letters above the bars indicate a significant difference (p < 0.05). A. Photosynthetic rates; significantly greater in prairie than the ecotone for both species, with minimal effects of grass removal. B. Stomatal conductance; significantly greater in tall-grass prairie than the ecotone, with no effect of grass removal. C. Water use efficiency; unaffected by the grass removal treatment, and similar between prairie and ecotone environments. carbon gain. The lowest rates of photosynthesis were measured when air temperatures were > 40 ∞C, and the largest decreases occurred in ecotone juveniles for each species (ca. 30 % to 40 % of maximum photosynthesis). Conversely, photosynthesis was highest when air temperatures were below 30 ∞C late in the growing season (Fig. 6 ). Stomatal conductance was unaffected by the grass removal treatment in both sites for both oak species (p > 0.05). However, stomatal conductance was 17 % lower at the ecotone for Q. macrocarpa and 27 % lower for Q. muhlenbergii. There was no effect of treatment or site on water use efficiency (WUE) for either species (Fig. 4) .
Leaf water status
Predawn leaf water potentials (Y predawn ) did not differ between the two oak species, between sites, or between grass removal treatments. Compared to A. gerardii, the dominant C 4 grass, Y predawn in Q. macrocarpa and Q. muhlenbergii were ca. 30 % and 35 % higher (p < 0.05) in the prairie and ecotone, respectively (Fig. 7) .
There was no difference between prairie and ecotone in either species for mid-day leaf water potentials (Y midday ), and there was no significant impact of the grass removal treatment in the prairie or the ecotone (p = 0.11 and p = 0.37, respectively).
Discussion
Some plants may facilitate other species by ameliorating the abiotic environment (e.g. temperature, light, soil moisture), which may in turn enhance carbon gain and water relations (Bertness & Hacker 1994) . In the case of the establishment of trees away from the gallery forest and in the harsher grassland environment, we predicted that the mature trees at the ecotone would facilitate oak success along the forest edge. Our results, however, indicate that the forest ecotone trees did not facilitate carbon gain or water relations in Q. macrocarpa and Q. muhlenbergii juveniles. Both species appeared capable of tolerating the high light, high temperature environment characteristic of tall-grass prairie. Moreover, stomatal conductance, WUE, and mid-day leaf water potentials were either similar or lower for juveniles at the ecotone, suggesting that the ecotone environment did not reduce evapotranspiration nor enhance plant water relations.
High temperatures appear to play a key role in oak juvenile carbon gain (Hamerlynck & Knapp 1994 . Net photosynthesis was substantially lower at air temperatures > 30 ∞C, particularly for oak juveniles at the ecotone. Even after a substantial precipitation event (day of year = 212 -215), air temperatures > 30 ∞C caused photosynthesis to decrease to 60 % of maximum in prairie oaks, and ca. 35% of maximum in the ecotone (Fig. 6) . With maximum air temperatures greater than 30 ∞C in 40 % of the days during the 1999 growing season (April-September), carbon gain was likely limited by high temperatures throughout much of the growing season for both ecotone and tall-grass prairie Quercus juveniles.
Lower photosynthetic rates observed in Quercus juveniles at the ecotone may be related to the variable and lower light environment characteristic of this site (Fig. 2) , since there was no difference in light use by oak juveniles in the two habitats, based on light response curves (Table 1; Fig. 2) . Although ca. 40 % of the PFD levels measured were above light saturation at the ecotone, there were still a significant number of observations below light saturation. These periods of low PFD may affect leaf development, and in fact, specific leaf mass (SLM; g . cm -2 ) was ca. 20% lower (p < 0.05; data not shown) in ecotone juveniles for both Q. macrocarpa and Q. muhlenbergii, suggesting that these plants had acclimated to a lower PFD level (Boardman 1977; Knapp & Gilliam 1986; Lei & Lechowicz 1998) . Reduced SLM is also consistent with the lower photosynthetic rates in oaks at the ecotone. Leaf development under low PFD also can reduce stomatal conductance (Ashton & Berlyn 1994) , and stomatal conductance in both Q. macrocarpa and Q. muhlenbergii at the ecotone was reduced under saturating PFD levels (Fig. 4) . Holmgren et al. (1997) presented a model for facilitation based on the relative availability of light and water, suggesting that facilitation only occurs when the improvement in water relations under a canopy exceeds the carbon costs incurred by lower light levels. The leaf water potential data from this study suggest that water relations in ecotone juveniles did not differ from the prairie juveniles. However, the lower photosynthetic rate of the Quercus juveniles at the ecotone indicates that there was a carbon cost. Thus, according to the Holmgren et al. (1997) criteria, the effects of adult trees on juveniles at the prairie-forest ecotone in this study should be viewed as a competitive, not facilitative, interaction. Holmgren et al. (1997) also suggested that water limitations outweigh light limitations in xeric habitats. Although gallery forests occupy areas more xeric than other regions of the eastern deciduous forest, reduced light at the ecotone and high temperatures appeared to be more important factors affecting carbon gain than water availability for established oak juveniles (Bragg et al. 1993) . It must be noted, however, that during this study, growing season precipitation was ca. 20% above the long-term average at KPBS. In years when precipitation is less abundant, water availability and plant water status may become more important.
Removal of the potentially competitive herbaceous biomass also appeared to have little effect on Quercus juvenile carbon and water relations. The shade-intolerant C 4 grasses (Knapp & Gilliam 1986) were reduced in cover (ca. 33%) along the ecotone, presumably due to The mean maximum photosynthetic rate across dates (Q. macrocarpa prairie: doy = 251, A net = 14.2 mmol m -2 s -1 ; Q. muhlenbergii ecotone: doy = 272, A net = 14.6 mmol m -2 s -1 ) for each species was used to calculate the percentage of maximum values. C. Precipitation pattern for 1999 growing season measured at KPBS and in-chamber air temperatures (typically, within 2 ∞C of air temperature) during gas exchange measurements. Fig. 7 . Seasonal mean leaf water potentials (± 1 SE) for both Quercus species and A. gerardii, the dominant C 4 grass in tallgrass prairie. A. Predawn leaf water potential (Y predawn ) was significantly greater in both Quercus species compared to A. gerardii (p < 0.05), but there was no significant effect of site or grass biomass removal within both species. B. Mid-day leaf water potential (Y mid-day ) in both oak species was not affected by grass removal. the reduction in PFD. Their competitive interactions with the Quercus juveniles appeared to be minimal, however and when removed, there was no effect on either Q. macrocarpa or Q. muhlenbergii. C 4 grass cover was substantially higher in the prairie (ca. 75 %), but even here, there was only a small increase in photosynthesis and no effect on leaf water status when the grass biomass was removed. Measurements of PFD availability at the oak juvenile canopy indicated that there was a moderate treatment effect of grass removal compared to the control treatment (1840 mmol m -2 s -1 vs. 1560 mmol m -2 s -1 , respectively; Fig. 2 ). However, this difference was above light saturation levels for these oak juveniles, and grass removal therefore had minimal effects on photosynthesis. Thus, these established Quercus juveniles were not impacted by aboveground competition with the grass layer. Brown et al. (1998) came to a similar conclusion with two invasive exotic shrubs. Above-ground grass biomass removal had no effect on shrub survival, and Brown et al. (1998) concluded that light availability did not limit tree seedling establishment in semi-arid grasslands and savannas.
Pre-dawn leaf water potential data indicated that the juveniles of both Q. macrocarpa and Q. muhlenbergii had deep root systems capable of avoiding competition with grasses for soil moisture. Recent research using stable isotopes in a semi-arid temperate savanna has shown that seedlings (< 2 yr old) and grasses do utilize soil moisture from similar shallow soil depths, but saplings and mature trees utilized deeper soil moisture (Weltzin & McPherson 1997) . Although the ages of the oak juveniles in this study were unknown, the higher predawn water potentials in the Quercus juveniles vs. A. gerardii were consistent with the view that juvenile oaks have sufficiently deep root systems to avoid competition with grasses, and may be using deep soil moisture previously thought to be accessible only to more mature trees (Walter 1979; Bush & Van Auken 1991; Bragg et al. 1993; McPherson 1993) .
Below the treeline in a semi-arid temperate savanna, Weltzin & McPherson (1999) demonstrated that Quercus acorns germinating beneath mature Q. emoryi trees had a higher probability of emergence and survival compared to those in adjacent grassland. In the tall-grass prairie and gallery forests on Konza Prairie in NE Kansas, the mature trees of the prairie-forest ecotone did not facilitate carbon gain and water relations of established Quercus juveniles. These differences are likely due to the ages of the individuals studied; Weltzin & McPherson (1999) measured young seedlings, whereas the oaks in this study were established juveniles. Moreover, the climate in the semi-arid temperate savanna is harsher compared to tall-grass prairie, and may be more likely to favor facilitative interactions (Bertness & Callaway 1994; Callaway 1995) . Lastly, the growing season climate during this study was relatively mild compared to the climatic extremes characteristic of the tall-grass prairie region and during drier years, shade from mature trees along the ecotone may facilitate oak juvenile carbon gain and water relations (Holmgren et al. 1997) . Nonetheless, although climatic extremes (i.e. high air temperatures) may reduce carbon gain in these oaks, neither competition from the C 4 grasses or facilitation from the ecotone appeared to be important determinants of oak juvenile success in tall-grass prairie. Thus, we conclude that gallery forest expansion into tall-grass prairie will continue unless historic fire regimes are re-established (Bragg et al. 1993; Knight et al. 1994; Seastedt et al. 1998; Hoch 2000) .
